Correlation of electrocardiographic abnormalities occurring postoperatively with lesions of the conduction system found at autopsy was done in 20 dogs which had received cardiac homografts. The incidence of arrhythmias closely paralleled the severity of rejection injury found within the heart and specifically within the conduction system. Severe pathological changes in the conduction system (grade D) were uniformly associated with arrhythmias. 
T HE electrocardiographic features associated with rejection of cardiac homografts in dogs have been previously described.' Recent clinical experience with cardiac transplantation has confirmed that the electrocardiogram is a sensitive index of organ dysfunction due to the immune process.2 Abnormalities in human recipients have included diminished electrocardiographic voltage, conduction disturbances, and atrial arrhythmias. These findings suggest early involvement of the cardiac From Heart, conduction system Arrhythmias conduction system in rejection injury and form the basis for the following report.
Methods Cardiac homografts were placed in 20 dogs and autografts in five, by methods previously described.3, 4Postoperative atrial pacing was used when required. Digitalis was not given to any of the animals.
Three-lead electrocardiograms were taken from the first postoperative day until death. R-wave voltage in lead II was selected for measurement, and most electrocardiographic changes occurring after the third postoperative day were considered to be manifestations of rejection injury.
No uniform effort was made to obtain prolonged survival, although all dogs received some immunosuppressive therapy. Twelve dogs were given azathioprine, 50 mg daily beginning on the day of operation, and nine of these dogs 567 In homografts undergoing rejection the lesions of the conduction system usually paralleled those in the myocardium; they were graded separately, however, because of their potential clinical significance. In all cases the A-V node, approaches to this node, the main A-V bundle, and the bundle branches were examined. Evaluation of the sinus node was a problem because of the node's proximity to the atrial suture line. The node was usually encompassed within the inflammatory response to the atrial anastomosis, and separation of inflammation due to surgical trauma from that due to rejection was not possible. Grading of conduction system lesions, therefore, was based on examination of the A-V node, the main bundle, and bundle branches. Grade D-No lesion of the conduction system was placed in this grade unless there was necrosis of the A-V node or main bundle. Chronic lesions consisted of intimal proliferation or fibrosis in small vessels supplying the conduction system. Increased fibrosis of the A-V node, main bundle, or bundle branches in the presence of patent coronary arteries, and over that found in normal controls, was considered a chronic lesion.
Results

Correlation of Arrhythmias with Conduction
System Lesions and Condition of the Graft Postoperative survival ranged from 3 to 84 days. Although care was taken to avoid trauma to the sinus node and conducting tissue in the atrial septum, postmortem examination frequently revealed necrotic changes in the sinus node due to proximity to the atrial suture line. Nevertheless, all dogs exhibited an atrial rhythm resembling a nornal sinus mechanism by the third postoperative day.
Acute Rejection of Homografts A histological diagnosis of acute rejection was made in 12 of the 20 homografted animals. Lesions of the conduction system of grade B to grade D severity were found in each of these 12. The electrocardiographic features of rejection in this group included decreasing voltage in seven and arrhythmias in five. These arrhythmias were first and second degree heart block, intraventricular block, sinus arrest, atrial flutter, and nodal rhythm (table 1) .
Grade D conduction system lesions were found in four dogs. These were associated with arrhythmias in all four and with decreasing voltage in three of the four. In two of these (LA7 and LA17), necrosis found within the A-V node was associated with massive proliferative mononuclear cell infiltrate ( fig. 1 ). Polymorphonuclear cells were also found but were predominantly in contact with the endothelium and walls of the small nodal vessels. Circulation, Volume XXXIX, May 1969 In ttie other two dogs with grade D lesions (LA8 and LAIO) small necrotic foci of Purkinje fibers associated with a polymorphonuclear infiltrate were found in the conduction bundles but not in the A-V node ( fig. 2) . Both of these animals had heavy mononuclear cellular infiltration of the A-V node, endothelial cell swelling, medial hyalinization, and polymorphonuclear infiltration of the conduction system vasculature, and bilateral bundlebranch edema.
Grade C conduction system lesions found in three of the 12 animals were associated with arrhythmias in one instance and decreasing voltage in two. The one dog xvith arrhythmia (LA18) had a heavy mononuclear cell infiltrate in the A-V node and main bundle and vasculitis of the small nodal vessels but no necrosis ( fig. 3) .
Grade B lesions were found in the remaining five dogs; none showed arrhythmias, but two had decreasing voltage. animal was not determined. There was no evidence of acute or chronic rejection, but there was intimal proliferation within the A-V nodal artery.
Autografts
None of the five autografts or three normal hearts showed myocardial or conduction system lesions resembling those of rejection. In all of these animals serial electrocardiograms were unremarkable.
Histopathological Findings in Homograft Rejection
In homografts undergoing rejection the most frequent conduction system finding consisted of a diffuse infiltrate of the A-V node and main bundle by mononuclear cells. These cells had small to large dense nuclei and abundant basophilic cytoplasm which displayed varying degrees of pyroninophilia. Mitotic figures and multinucleated forms were common. This round-cell infiltrate, including macrophages, often surrounded the nerve bundles and branches found within the atria and adjacent to the A-V node and main bundle. Perineural infiltrates were scanty in the autografts, mild in the homografts that were not undergoing rejection and invariably heavy in the acutely rejected homografts. In acute rejection the atrial septum was usually infiltrated to the same degree as the conduction system. Although all 12 homografts undergoing rejection showed myocardial infiltration, in only one was the infiltration of the myocardium adjacent to the main bundle. (fig. 4) . In contrast, the diffuse mononuclear cell infiltrate contained within atrial septa was comparable in every instance to that within the conduction system. Finally, the negative findings in autograft hearts rule out a causal role for ischemic postsurgical changes or simple reaction to degenerating nerve elements. ef. Psiton f -V unde sow byarrw. &E acualsiz. igh. Hghe mgniicaionshws eav inil trt i-Vbndebu o nilrteo udrlia eta yoadim HE x10
